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INTRODUCTION
The Naval Ultrawideband Synthetic Aperture Radar (NUWSAR) is a new synthetic aperture radar system under development by the Office of Naval Research (ONR) for ocean and land remote sensing research. Several features enhance its operation: ( I ) pulse-to-pulse multi-channel operation, allows interleaving combinations of radar frequency and polarization; (2) small package, deployment capability on either a P3, light aircraft, or UAV; (3) 1.2 to sub-meter spatial resolution; (4)>40 MByte/s data recording speed; and ( 5 ) full motion compensation using a Litton LNIOOG INS system.
The NUWSAR antenna system design and layout for a Piper Navaho aircraft is shown in Figure I . One dual polarized L-band and a set of three 3-15 GHz antennas is shown, mounted in the doorway behind a fiberglass skin. The two lower antennas are elements used for along-track interferometric data; the upper right antenna is use for cross track INSAR operation, and the lower right antenna is used for transmission for all cases. We discuss here polarimetric data collected with both X and L band, switched pulse-topulse, and is effectively simultaneous after SAR processing. 
Projection Pursuit Methodologies:
Projection Pursuit (PP) methods are powerful techniques for extracting statistically significant features from remote sensing data for automatic target detection and classification. Remote sensing applications, especially those related to the analysis of imagery, are typically characterized by a very high number of effective dimensions. PP techniques automatically determine the lowdimensional projections of such data sets that best highlight any inherent structure or clustering, which can then be used to detect and classify the targets or clutter associated with it. Principal Component Analysis represents one member or subset of this more general PP family (Bachman & Donato, 1999). PP analysis was applied to the polarimetric images of Figure 2 below for this work, and additional imagery will be analyzed for presentation at IGARSS'OO. Here we demonstrate the principles of our analysis, as applied manmade targets, with the calibration targets seen in a row in the middle of the image.
Targets included three trihedrals in the far left of the line, a dihedral to the far right aligned vertically, and a dihedral to the lower right (green color) aligned at 45'. Another trihedral completes the group at lower center. All are located in a clear clay surface area, accounting for the dark ellipsoid, with low grass providing the surrounding color. A rather small wooden peg showed up as a strong echo, and is located to the left of the last trihedral identified, just out of the grassy area, and will be discussed later. Deciduous trees dominate the scene, with a line of pine trees just above the road bounding the targets from above. The brightest line across the very bottom are metal airplane hangars, and the second line just above is a tree line, the shadows of which can be seen above them at X band. A few aircraft can be distinguished in a row between the hangars and the tree line. A small moving van sits to the lower right of the hangar. A creek runs diagonally in the lower right comer, most strongly observed in the L-band image. The inverted-V line of spots lower left of center in each image are evidence of an aluminum road safety rail, the metal anchors into the ground providing the strong echoes, with virtually no echo little coming from the horizontal rails. It is particularly strong at L-band.
A projection pursuit analysis was run on the data, using the first three targets on the left training as a training set. The polarimetric RCS properties of the cal targets were then applied to a variety of other man made targets in the scene.
The analysis consisted of calculating the mutual information function, first using all six image planes of data (Lhh. Lhvr L,,, Xhh,, Xhv, X,,,,). In the training set, one defines a set of categories, y, and the SAR power values or gray level in each pixel as x, and the joint probability of category and gray level as P(xly), then the entropy is defined as H(xly) = -Ei Pij In
Correspondingly, the mutual information function (MIF) is defined as: types, grass, etc. These more comprehensive results, including additional imagery will be presented at the oral session, and published in a more comprehensive article.
SUMMARY We have applied Projection Pursuit analysis to multiband polarimetric radar data, using only the RCS characteristics from one band-polarization image plane to the next for a set of man-made targets. Land classification results will be presented at the IGGARSS session. image planes, and the 9 I h consists only of HV for both X and L. All of these MIF values are smaller that those using all Xband planes. An interesting result is senn for the IOth and I Ith MIF values that drop first both L and X HH planes, then the HV. Note that these analyses used a 4x4 matrix of data surrounding the targets, so that the local texture was also accounted for. This will be important in scene classification with similar single pixel RCS's, but with different area characteristics.
This type of analysis was repeated for an additional three different types of targets: a wooden peg, the light aircraft identified earlier, and the two vehicles. The peg has a MIF response for this set of image combinations remarkably similar to the corner reflectors, in part due to the similar texture. Conversely, the MIF sets are quite different for the light aircraft and the vehicles in the scene.
With such a characterization, one could consider this analysis as equivalent to a spectral analysis, in effect. We did not analyze any other combinations, up to 6! being available, which might be considered equivalent to broadening the spectral bandwidth. One might find, for example, that the wooden peg might in fact be differentiated from the calibration targets were this done. Nonetheless, this appears to be a powerful tool for assisted target and scene classification. This methodology will be applied to attempt to do scene classification of the natural cover, including tree
